SUMMARY Ventricular fibrillation was induced in eight of 10 open-chest dogs by reperfusion after a 15-minute occlusion of the proximal circumflex coronary artery. Simultaneous recordings were made from 27 epicardial electrodes spaced over both ventricles. Analysis of the initial 1.5-2.5 seconds of the transition from sinus rhythm or ventricular tachycardia to fibrillation revealed that ventricular activation occurred in an orderly, rapidly repeating sequence in all hearts. Each activation front arose near the border of the ischemicreperfused region and passed across the nonischemic portion of the ventricles to the opposite side of the heart as a single, organized wavefront. As the arrhythmia progressed, the time between the appearance of successive activation fronts on the epicardium decreased. Concurrently, the time for each activation front to traverse the ventricles increased. The simultaneous increase in rate of appearance and decrease in conduction velocity for each successive cycle resulted in overlapping cycles in which a new activation front arose from the ischemicreperfused region before the previous front terminated over the right ventricle. The overlap between successive activation fronts increased as the arrhythmia continued. Thus, ventricular activation during the transition to ventricular fibrillation arose near the border of the ischemic-reperfused region and was organized as it passed across the nonischemic tissue, but the body surface ECG appeared disorganized because of variable spacing between successive, coexistent activation fronts.
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VENTRICULAR FIBRILLATION has been defined as chaotic, asynchronous, fractionated activity of the ventricles.' The nature of the initiation of fibrillation and the manner in which ventricular activation during this phase progresses to chaotic fractional activity are not known. During the last 120 years, several mechanisms for the initiation of fibrillation have been proposed. 2 Wiggers.`3 Color-coded pins were inserted into the heart to indlicate the location of the epicardial electrodes. The electrode sock was then removed. To outline the ischetmiic-reperfused region, the left circumfex coronary artery was injected at its site of occlusion with a 0.5%,7c solution of Monastral Blue B dye (Dupont BW-372-P) and the left main coronary artery was injected with a 1.0% solution of Monastral Red B dye (Dupont RW-768-P).`6 The dyes were suspended in 6% dextran-70 in normal saline (Macrodex) and were injected simultaneously at identical pressures of approximately 120 mm Hg. '6 The epicardial potentials recorded during the transition to fibrillation were played back from the tape recorder, digitized and entered into a computer (Digital Equipnment Corporation PDP 1 /34), as described elsewhere.'7 The potentials were displayed on a computer terminal, and times of local activation (the point of miaximal downslope) at each electrode were determined for the first 1.5-2.5 seconds of the transition to fibrillation. Isochronic maps of epicardial activation were then displayed on the computer terimiinal. Details of these procedures have been presented previously." Display of the activation maps has been imiiproved so that the isochrones are curved rather than angulated`8 and extend to the lateral borders of the map. Although not identical, activation sequences for succeeding cycles were similar to that of the first cycle ( fig. 5) . Occasionally, the earliest recorded epicardial activation shifted to a different electrode in or near the ischemic-reperfused region ( fig. 5D-F) . The electrode at which earliest activation was detected usually recorded a 10-20-msec R wave preceding activation. This suggests that still earlier activation was present a distance away from the electrode, either at the epicardium or within the ventricular wall. Early activation of several adjacent electrodes within a few milliseconds of each other (figs. 5A-C) also suggests that yet earlier activation occurred intramyocardially or subendocardially.
For each successive cycle of activation during the transition to fibrillation, the interval between the epicardial onset of each cycle decreased ( fig. 3 ) and the total duration of epicardial activation increased. This is shown by the increasing temporal dispersion of local activation times for each succeeding cycle ( fig. 3 ) and by the decreasing distance between isochrones ( fig. 5 ). For example (fig. 5 ), the duration of recorded epicardial activation was 61 msec for cycle 2 ( fig. SA) , 143 msec for cycle 8 (fig. 5D) , and 221 msec for cycle 14 (not shown).
Because the apparent decrease in conduction velocity and increase in heart rate occurred simultaneously, the interval between the end of one cycle of activation and the start of the next cycle decreased during the transition to fibrillation ( fig. 3 ). As the arrhythmia continued, the duration of each cycle eventually grew longer than the interval between the onset of earliest epicardial activation for successive cycles.
Thus, before one activation front terminated over the right ventricle, the next activation front broke through to the epicardium in the ischemic-reperfused region (figs. 6A-C). This overlap occurred in all eight experiments, beginning during the fourth cycle of the transition to fibrillation in the average case ( fig. 7) . The overlap between cycles progressively increased during subsequent cycles, so that in some experiments, three successive activation fronts were present simultaneously on the epicardium (figs. 6D and H). Five dogs developed ventricular tachycardia that lasted for seconds before the transition to fibrillation. The site of earliest recorded epicardial activity for the beat that initiated fibrillation in these five dogs differed from that observed during tachycardia. The early epicardial sites during both ventricular tachycardia and the transition to fibrillation were within or near the ischemic-reperfused region in all cases ( fig. 8) Because we recorded simultaneously from only 27 cardiac electrodes, the mechanism by which activation is initiated during the transition to fibrillation could not be determined, owing to the wide spacing between the epicardial electrodes and the lack of intramyocardial and subendocardial electrodes. Macroreentry involving the bundle branches is unlikely because in most cases the site of earliest recorded epicardial activation is not the same as the sites of epicardial breakthrough overlying the termination of the anterior or posterior fascicles or the right bundle during the normal sinus complexes immediately preceding fibrillation. DURATION Two observations suggest that the activation fronts do not arise from the epicardium directly beneath the electrode that records the earliest activation.26 First, the earliest recorded epicardial activation frequently occurred several milliseconds after the apparent onset of the earliest complex recorded from the body surface leads. Second, the unipolar epicardial electrograms that registered the earliest epicardial activation showed an R wave of sizable duration before the rapid deflection resulting from local excitation (e.g., a 15-msec R wave for the early electrode in figure 4A ). Thus, electrical activity was present for a number of milliseconds before the activation front passed under an electrode.
To avoid the possible introduction of spurious maxima and minima, the isochronic maps are drawn using linear interpolation.'3 Maps drawn using linear interpolation always show the locations of earliest and latest activation to be at electrode sites. Because the electrodes are about 2 cm apart, the true site of earliest epicardial activation can be 1 cm or more from the site shown on the map. In figure SF, for example, the true site of earliest epicardial activation may be somewhere within the triangle formed by the electrodes with activation times of 0, 10, and 16 msec.
It is also possible that there is no site of "earliest" epicardial activation and that activation is continuously present along small epicardial reentrant pathways.27 28 Such pathways could exist undetected in the region between the widely spaced epicardial electrodes ( fig. 5 ) or in the regions in which unipolar electrodes do not record discrete, well-formed tracings of activation (asterisks, fig. 8 ).
In some cases (figs. 4, 5A-C, 8B, C), the amount of epicardium activated during the first 10 msec after the earliest recorded epicardial activation is relatively large. This suggests that activation originates from the subendocardium or intramyocardium, from either a reentrant pathway or an ectopic focus. The early epi- 
